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This invention relates to organic compounds contain-
ing aromatic unsaturation and to a novel and improved
process for the preparation thereof. In one aspect the
invention relates to a novel process for the. preparation
of organic compounds containing at least one aromatic
nucleus and carboxylate and terminal methyl groups.
Another aspect of the invention relates to new and use-
ful oils and waxes. In still another aspect, this inven-
tion relates to a novel and improved process for the
preparation of mono, poly and half esters of mono and
polyquinodimethane compounds,

It is known that polymers which centain aromatically
unsaturated cyclic nuclei such as poly-p-xylylene, have
desirable properties which make them valuable as elec-
trical insulators, and as protective coatings which have
high heat stability, extraordinary resistance to attack by
corrosive liquids and excellent permeability to common
organic solvents, However, in spite of these desirable
characteristics such pelymers have been confined to some-
what limited application as a result of certain less de-
sirable properties such as their non-flexibility, high de-
gree of insolubility in organic solvents and the difficulty
in molding them except at very high temperatures rang-
ing between abouf 350° C. and about 450° C,

It is therefore :an object of the present invention to
provide new and ‘valuable compounds having improved

properties.

Another object of this invention is to provide novel
organic compounds containing aromatic wunsaturation
which compounds are valuable as chemical intermediates.

Another object of this invention is to provide novel
mono and polyesters of mono and polyquinodimethane
compounds which are selectively soluble in certain or-
ganic solvents.

Another object of this invention is to provide novel
mone and polyesters of mono and polyquinodimethane
compounds which are valuable as Iubricating oil addi-
tives.

Another object of this invention is to provide an im-
proved method for the production of non-halogenated
aromatic compounds having a termiinal methyl and a
carboxylate group.

Another object of this invention is to provide an im-
proved method for the production of halogen-containing
aromatic compounds having a terminal methyl and a
halogenated carboxylate group.

Another object of this invention is to provide a novel
half, mono and djesters

Another object is to provide a direct method for the
manufacture of half, mono and diesters of mono and
polyquinodimethane compounds in good yield and high
selectivity. i

Another object is to provide a method of manufacture
for the above-mentioned compounds which is character-
ized by the minimum formation of by-products and the
materials.

Other objects and advantages of the present inven-
tion will become apparent to those skilled in the art from
the accompanying description and disclosure.

According to this invention, a quinodimethane is re-
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acted with an organic acid to form an addition compound
as a product of the process. The preferred quinodi-
methanes used in accordance with this invention are the
1,4-quinodimethanes, 1,4-naphthaquinodimethanes and
corresponding heterocyclic quinodimethanes containing at
Ieast one heteronitrogen atom vicinal only to carbon
atoms; and nuclear substitution products of the fore-
going members with atoms of the normally gaseous halo-
gens and methyl groups. The preferred organic acids
of this invention are the carboxylic acids having ioniza-
tion constants greater than 4% 10-% and otherwise re-
ferred to as “strong” carboxylic acids. The process of
this invention is preferably conducted by interacting a
mole ratio of quinodimethane to strong carboxylic acid
of between about 1:2 and about 1:8 in a mutual solvent
at a temperature below —40° C,, although reaction tem-
peratures as high as 1060° C. also may be employed, when
interacting a quinodimethane with carboxylic acids hav-
ing ionization constant less than 4% 10-5, without de-
parting from the scope of this invention. Generally
speaking the products thereby obtained are compounds
which contain aromatic unsaturation and which are ob-
tained as a result of the addition of the dissociable organic
acid to the quinodimethane and are, therefore, aromatic
compounds containing at least one carboxylate group.
The quinodimethanes used in accordance with the pres-
ent invention contain from one to two six-membered
rings, one of said rings being diunsaturated and having
each of two carbon atoms of the ring bonded to a carbon
atom of an aliphatic group through a double bond. The
latter type ring which is common to each of the quino-
dimethanes, used in the process of this invention, is re-
ferred to herein as the quinoid ring. Although the two
aliphatic groups which are doubly bonded to the diun-
saturated or quinoid ring may be bonded to adjacent,
ie. ortho or 1,2 positioned, carbon atoms of the ring,
they are preferably bonded to carbon atoms of the ring
which are in the para or 1,4 position to one another.
The preferred quinodimethanes of this invention are those
having a symmetrically diunsaturated six-membered ring
to which a methylene group is doubly bonded to each
of the two para-positioned carbon atoms, such as, fo)
example, in 1,4-quinodimethane which has the structure,

®

As indicated above, the term quinodimethane as used
herein also includes those compounds having more than
the one quinoid ring. The quinodimethanes which con-
tain more than the one quinoid type ring are preferably
those in which the additional ring is a six-membered
ring having aromatic unsaturation of the benzenoid type,
and which is fused to the quinoid ring such as, for ex-

.ample, in 1,4-naphthaquinodimethane which has the struc-

ture:

<
HBO:<‘_>: o ®

The aromatically unsaturated ring which is fused to the
quinoid ring is referred to herein as the benzenoid ring,

It is to be understood that the quinodimethane start-
ing material of this invention may be a carbocyclic com-
pound, i.e. a compound in which each atom of the basic
ring structure is a carbon atom sach as in 1,4-quinodi-
methane and 1,4-naphthaquinodimethane; or it may be
a nitrogen-containing heterocyclic compound, i.e. a com-
pound having at least one nitrogen atom as part of the
cyclic skeleton. The heterocyclic compounds are prefer-
ably those in which the nitrogen is vicinal only to carbon
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and includes those in which nitrogen is a constituent of
the quinoid ring or the benzenoid ring.

The groups which are singly bonded to the cyclic
skeleton of the quinodimethanes are referred to herein
as the nuclear substituents and are any of the group con-
sisting of hydrogen, normally gaseous halogens and
halogenated or non-halogenated methyl radicals. These
substituents of the dicyclic compounds may be on the
quinod ring or on the aromatically unsaturated ring or
on both rings. Where more than one halogen is present,
they may be either the same halogens or different halo-
gens. Of the quinodimethanes which are substituted with
methyl, halomethyl or halogen groups, those having not
more than substituents are preferred.

The preferred quinodimethane starting material which
is reacted in accordance with the present invention is
prepared by pyrolyzing an aromatic compound of the
group consisting of p-Xylene, 1,4-dimethyl naphthalene,
corresponding heterocyclic dimethyl compounds having
from one to two six-membered rings and containing at
least one heteronitrogen which is vicinal only to carbon
atoms, and the nuclear substitution products of the fore-
going members with atoms of the normally gaseous
halogens and additional methyl groups, at a temperature
between 700° C. and about 1300° C. and a total pressure
not higher than about 400 mm. mercury for a period of
not more than one second followed by quenching of the
pyrolyzed vapors to a temperature which is preferably
below about —45° C., preferably in a cold liguid or on
a cold surface.

Among the specific carbocyclic aromatic compounds
which can be pyrolyzed to produce the quinodimethanes
which are used as a reactant in accordance with the
process of this invention are: p-xylene; pseudocumene;
durene, isodurene; prehniterne; pentamethyl benzene; hex-
amethyl benzene, 1,4-dimethyl naphthalene; 1,2,3,4,6,7-
hexamethyl naphthalene; 2,5-dichloro-p-xylene, 2,3,5,6-
tetrachloro-p-xylene; 2.3,5,6-tetrafluoro-p-xylene; 2-chlo-
ro-3,5,6-trimethyl benzene; 6-chloro-1,4-dimethyl naph-
thalene; and 2,3,6,7-tetrachloro-1,4-demethy1 naphtha-
lene.

Among the specific aromatically unsaturated nitrogen-
containing heterocyclic compounds which are pyrolyzed
to yield the heterocyclic quinodimethanes which are re-
acted as described herein are: 2,5-dimethyl pyrazine;
2,5-lutidine; 2,5-dimethyl pyrimidine; 5,8-dimethyl quino-
line; 1,4-dimethyl isoquinoline; 5,8-dimethyl quinazoline;
5,8-dimethyl quinoxaline; 2,3,5-trimethyl pyrazine; 2,3,5,
6-tetramethyl pyrazine; 2,3,5-trimethyl pyridine; 2,4,5-
trimethyl pyridine; 5,6,8-trimethyl quinoline; and 2,5-
dimethyl-6-chloro-pyrazine.

The pyrolysis of the aforesaid dimethyl substituted
aromatic compounds such as p-xylene is preferably car-
ried out at a temperature within the range between about
950° C. and about 1300° C. For best results the aro-
matic compound should be present in the vapor phase
at a vapor pressure not substantially higher than 150 mm.
mercury. Excellent results are obtained when the vapor
pressure of the :aromatic compound is 10 mm. mercury
or somewhat below. In all cases the total pressure em-
ployed should be below 400 mm. mercury. Within the
preferred pyrolysis temperature range the residence time
should be within the range of from about 0.1 to about
0.001 second, however, a shorter or longer residence time
can be used without departing from the scope of this
invention.

The hot vapor or quinodimethane produced by the
above pyrolysis reaction is rapidly quenched in a liquid
such as hexane, which is maintained at a relatively low
temperature, preferably below —45° C. The tempera-
ture at which the hot vapoers of quinodimethane are
quenched depends on whether or not the quinodimethane
is to be stored over an extended period of time or
whether the quinodimethane is to be used immediately in
accordance with the process of this invention. This is
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an important consideration since it has been found that
the quinodimethanes form polymeric products at about
room temperature, and in fact, they polymerize rapidly
at temperatures above about —45° C. Thus when it is
desired to store the quinodimethane in stable form until
it is to be interacted with the inorganic coreactants of
the present invention, the hct vapor obtained by the
above pyrolysis reaction is quickly quenched and dis-
solved in a cold liquid maintained at a temperature below
about —45° C. and preferably at about —80° C.

The liquid used for quenching and storing of the
quinodimethane may be of any composition which re-
mains liquid at the necessary temperature range and
which has a relatively low partial pressure at about —45°
C. consistent with the upper total pressure limit of 400
mm. mercury pressure and preferably low enough to
permit operation below 10 mm. mercury. The liquid
should also be substantially non-reactive with the quino-
dimethanes formed although liquids which do not form
compounds which are detrimental to the reaction and do
not consume significant amounts of the reactants, may
be used. Among the specific liquids which may be used
are the paraffinic and cycloparaffinic hydrocarbons of
low freezing point, such as hexane, petroleum ether,
cyclopentane and 1,4-dimethyl cyclohexane; the aromatic
hydrocarbons of low freezing point, such as toluene, ethyl
benzene, o-ethyl toluene and m-diethyl benzene; the
halogenated hydrocarbons of low freezing point, such as
o-chloroethy! benzene, o-fluoro toluene and 1,1-dichloro-
ethane; a carbonyl compound of low freezing point such
as acetone, methyl ethyl Ketone and methyl isobutyl
ketone; an ether of low freezing point, such as diethyl
ether, ethyl n-propyl ether and tetrahydrofurane; an al-
cohol of low freezing point, such as methanol, ethanol
and isopropyl alcohol; and other normally liquid com-
pounds of low freezing point, such as carbon disulfide.
It is to be understood that any mixture of the aforesaid
liquids may be used as the quenching medium, as de-
sider. If desired, a liquid of low freezing point may be
obtained by the blending of two or more compounds of
higher freezing point. For example, a mixture of carbon
tetrachloride and chloroform may be used.

A more detailed description concerning the prepara-
tion of stable concentrated solutions of the quinodimeth-
ane starting material used in accordance with the present
invention can be found in our prior copending applica-
tion, Serial No. 386,106, filed October 14, 1953, now
U.S. Patent No. 2,777,005.

The dissociable organic compounds which are used
in accordance with this invention are any of the organic
acids, for example, the carboxylic acids. The preferred
organic acids are the “strong” carboxylic acids, that is,
those acids having ionization constants greater than
4 10-5.

Examples of suitable carboxylic acids which are em-
ployed in the addition reaction of this invention are the
acyclic, saturated and unsaturated, mono and polycar-
boxylic acids, such as, for example, formic acid, acetic
acid, propionic acid, butyric acid, vinyl acetic acid, ela-
idic acid, oleic acid, acrylic acid, oxalic acid, malonic
acid, succinic acid, adipic acid, crotonic acid, citraconic

-acid, maleic acid, angelic acid, fumaric acid, brassylic

acid, geranic acid, linoleic acid, linolenic acid, tetrolic
acid, propiolic acid, homologs and isomers thereof; the
alicyclic saturated and unsaturated mono and polycar-
boxylic acids such as, for example, cyclopropanedicar-
boxylic acid, cyclobutanoic acid, cyclohexanoic acid, cy-
clohexane dicarboxylic acid, cyclobutenoic acid, homo-
logs and isomers thereof; and the aromatic mono and
polycarboxylic acids such as, for example, benzoic acid,
naphthalic acid, toluic acids, phenyl acetic acid, phenyl
methyl acetic acid, atropic acid, phenylpropiolic acid,
cinnamic acid, phthalic acid, diphenyl-o0,0’-dicarboxylic
acid, hemimellitic acid, mellophanic acid, piperonylic
acid, homologs and isomers thereof.
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The carboxylic acids may be substituted with one or
more of the same or different electronegative substitu-
ents such as fiuorine atom, chlorine atom, bromine atom,
iodine atom, sulfur atom, ester group, hydroxy group,
nitro group, nitroso group, amide group, amine group,
carbonyl group, cyanide group, efc.

Generally an electronegative substituent on the a-car-
bon atom of an aliphatic or an alicyclic hydrocarbon
carboxylic acid markedly increases the acidity and there-
fore raises the ionization constant (K) of the hydro-
carbon acid. For example, acetic acid has a K value of
1.75% 105 but monochloroacetic acid has a K value of
1.4X10-3 and dichloroacetic acid has a K value of
5% 102, Examples of substituted aliphatic and alicyclic
mono and poly carboxylic acids are pyruvic acid, tartaric
acid, B-mercapto-propionic acid, aspartic acid, citric
acid, trichloroacetic acid, a-bromobutyric acid, dichloro-
succinic acid, trifluoroacetic acid, oxaminic acid, oxaluric
acid, 3,5,6-trichloro—octaﬂuorohexanoic acid, 3,5,7,9,10-
pentachloro-tetradecafluorodecanoic acid, dibromomaleic
acid, w-nitropentanoic acid, a,a-dinitropropionic acid, cy-
anoacetic acid, tetrahydrosalicylic acid, a-chloroacrylic
acid, hydroxycrotonic acid, dicyanoacetic acid, 2-chloro-
cyclopropanedicarboxylic acid, 3,3-dibromocyclopenta~
noic acid, 3-hydroxycyclohexanedicarboxylic acid, etc.
Substitution of the -carbon of a hydrocarbon carboxylic
acid with an electronegative substituent has a lesser acid-
ifying or polarizing effect than substitution of the -car-
bon and the effect diminishes as the position of the sub-
stituted carbon regresses with respect to the carboxyl
group.

The introduction of electronegative substituents in the
bara or ortho position of aromatic hydrocarbon mono
and polycarboxylic acids increases the acidity and there-
fore the K value of the aromatic hydrocarbon acid. For
example, the ionization constant of p-phenylpropionic
acid is 2.19%10-5 but the K value of Pp-nitro-g-phenyl-
propionic acid is 3.36 105, Examples of electronega-
tively substituted aromatic mono and polycarboxylic
acids are aminobenzoic acid, gallic acid, anisic acid, hy-
droxybenzoic acid, nitrobenzoic acid, phthalamidic acid,
anthranilic acid, o—car-boxyphenylacetonitrﬂe, 6,6'-dini-
trodiphenic acid, acetylsalicylic acid, B-3-acenaphthoyl-
propionic acid, syringic acid, triftuoromethylbenzoic acid,
S-benzyl—dl-cysteine, o-cumaric  acid, o-nitrocinnamic
acid, thyroxine, pulvinic acid, piperonylic acid, lecanoric
acid, caffeic acid, piperic acid, tropic acid, and homo-
logs and isomers of these compounds,

Other organic acids which are utilized in the addition
‘reaction of this invention are the thicacids otherwise des-
ignated as the thiocarboxylic (RCOSH) and carbodi-
thioic (RCSSH) acids, such as thioacetic acid, thioben-
zoic acid, thiopropionic acid, dithioacetic acid, dithio-
carbamic acid, dithiosalicylic acid, etc., and polybasic
oxy-acids of trivalent and pentavalent phosphorous and
sulfur atoms such as the sulfonic and phosphonic acids,

"The preferred organic acids which are used in accord-
ance with this invention are the mono and polycarboxylic
acids having ionization constants greater than 4x10-5
which acids may or may not contain substitution. A few
specific examples of preferred acids include acrylic acid,
barbituric acid, benzoic acid, bromoacetic acid, bromo-
phenylacetic acid, chloropropionic acid, trifluoroacetic
acid, chlorocinnamic acid, cis-cinnamic acid, citraconic
acid, citric acid, cyclobutane-l,1-dicarboxylic acid, cyclo-
pentane-1,1-dicarboxylic acid, dichloroacetic acid, di-
ethyl-maloric acid, dimethoxy-phenylacetic acid, 2,4-di-
nitrophenylacetic acid, diphenylacetic acid, ethyl-n-pro-
pylmaloric acid, formic acid, fumaric acid, gallic acid,
hippuric acid, m-hydroxybenzoic acid, iodobenzoic acid,
maleic acid, 2-methyl-6-nitrobenzoic acid, mucic acid,
naphthoic acids, nitrobenzojc acids, oxalic acid, o-phenyl-
oxybenzoic acid, phthalic acid, picric acid, salicylic acid,
succinic acid, tartaric acid, tartronic acid, m-toluic acid,
trichloroacetic acid, vinylacetic acid, chlorodifluoroacetic
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liquid to a temperature between

acid, 3,4-dichloropentaﬂuorobutyric acid, 3,5,6-trichloro-
octafluorohexanoic acid, 3,5,7,8-tetrachloroundecafluoro-
octanoic acid, 2-chlorotrifluorosuccinic acid, 2,4-dichloro-
hexafluoroadipic acid, 2,4,6-trichlorononafluorosuberic
acid, etc.

The last mentioned perchlorofluoro acids in the pre-
ceding paragraph are prepared according to the methods
set forth in the copending application of David B, Bran-
don, Serial No. 452,704, now U.S. Patent No. 2,950,300,
and copending applications of William S. Barnhart and
Robert H. Wade, Serial Nos. 452,703, now U.S. Patent
No. 2,806,865, and 452,705, now U.S. Patent No. 2,806,-
866; all filed August 27, 1954. According to these ap-
plications the perchlorofluorocarboxylic acids named
above are prepared by oxidizing a perhalogenated aliphat-
ic olefin in the presence of permanganate solution, pref-
erably an aqueous bermanganate solution, at a tempera-
ture between about 120° C. and about 10° C., preferably
at about 0° C.; or by treating a ﬁuorine-containing per-
halogenated telomer with fuming sulfuric acid at a tem-
perature between about 125° C. and about 300° C, for a
period ranging between about 5 and abouf 50 hours.

In carrying out the process of this invention the quino-
dimethane and the organic acid or co-reactant are em-~
ployed in at least equimolar amounts in order to obtain
the optimum yield of the 1:1 addition product, Although
the mole ratio of quinodimethane to acid co-reactant may
vary between about 1:1 and about 1:15, it is preferred to
employ the starting materials in a mole ratio of between
about 1:2 and about 1:8 of quinodimethane to acid co-
reactant.

The presently described addition process may be car-
ried out in the presence or absence of g catalyst. If a
catalyst is used in the presently described process, the
preferred types include the strong inorganic acids such
as, for example, hydrochloric acid, sulfuric acid, phos-
phoric acid, hydrofiucric acid, etc. The inorganic cat-
alysts are used in amounts varying between about 0.001
and about 0.1 mole per mole of quinodimethane to pro-
mote the addition reaction between the quinodimethane
and the organic acid co-reactant,

Although the process of the present invention may be
carried out at a temperature as high as '100° C., it is
usually carried out at g temperature below 30° C., and
preferably at a temperature below —40° C, which tem-
berature may be as low as —120° C, The preferred re-
action temperatures vary between about —40° C. and
about —100° C, However, the reaction can be run at a
mixed temperature without departing from the scope of
this invention, In this cage the quinodimethane solution
at a temperature at about —80° C. is quickly added to a
hot or refluxing solution of the organic acid and an inter-
mediate temperature of reaction is reached. This course
of operation is usually followed when an organic acid
having K values significantly less than 4X10~5 is em-
ployed as a coreactant.

When the quinodimethane solution and the organic acid
are reacted at a temperature above about —40° C,, it is
important that the quinodimethane be brought to such a
temperature while in contact with at least an equimolar
amount of the organic co-reactant in order to keep the
competing homopolymerization of the quinodimethane
from dominating the reaction. Thus, for example, when
1,4-xylene is pyrolyzed under the conditions set. forth
above, the hot vapors are quenched quickly in a cold
about —40° C, and about
30° C. to produce 1,4-quinod1’methane, the quenching
step and reaction with at least one equimolar amount of
organic acid are carried out substantially simultaneously.
Although the reaction may be effected adiabatically, iso-
thermally controlied conditions are preferred.

The reactions of this invention are run for period not
exceeding 96 hours and usually not in excess of 24 hours.
Although some of the addition product begins to form
immediately; a substantial quantity of product is not
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collected before about 0.5 hour
preferred reaction period varies
about 24 hours.

- The addition reactions of the present invention are ac-
complished by contacting the gquinodimethane and the
organic acid co-reactant in a suitable liquid medium with-
in the aforesaid temperature range. The liguid medium
is preferably provided by a solvent which functions as a
mutual solvent for both the quinodimethane and the or-
ganic acid in the reaction. The quinodimethane con-
stituent is always reacted in solution, the solvent being
any one of the aforesaid liquids of low freezing point are
also suitable as solvents for the dissociable organic acid
constituent, however, the preferred organic acid solvents
are the mon-polar type such as, for example, benzene,
xylene, hexane, cyclo-hexane, etc., and water. Thus, it
is evident to those skilled in the art that the reaction may
be carried out in a mixed solvent or single solvent reaction
medium. It is also to be understood, without departing
from the scope of this invention, that the acid, if liquid
at reaction temperatures, may be interacted in an un-
diluted state with the quinodimethane solution and may
additionally serve as the solvent or quenching liquid for
the quinodimethane gas.

The addition reaction of this invention is preferably
executed in the liquid phase since the vapor phase reaction
is accompanied by varicus undesirable side reactions
which deleteriously effect the yield of the desired addition
product.

In carrying out the process of this invention, it is im-
portant that the initial concentration of the organic acid
coreactant be relatively high as compared with the con-
centration of the quinodimethane if a 1:1 addition product
is the desired product of the reaction. This is particu-
larly important when a reaction temperature between
about —40° C. and 30° C. or above is employed. It is
therefore preferred to add the quincdimethane gradually
to the organic acid co-reactant with agitation so as to
maintain good contact with an excess of the organic acid
during most of the reaction period and so that the 1:1
addition product may be produced in the highest yield
and selectivity. If, however, a telomer is the desired
product of the addition reaction the order of addition
may be reversed. This reversed order of addition permits
a certain amount of homopolymerization to occur before
the dissociable organic acid co-reactant terminates the
chain.

Although these reactions may be run under pressures
up to 1,000 pounds per square inch gauge, it is preferred
in most cases to conduct the addition at atmospheric pres-
sure. Application of pressure may be beneficial in the
addition reaction wherein a relatively unreactive dissoci-
able organic acid is added to the quinodimethane solution.
In this case, the organic acid may be pressured into the
reactor under about 300 pounds per square inch gauge
or higher.

In a preferred embodiment of this invention, a solution
of 1,4-quinodimethane, for example, which is chilled to a
temperature between about —120° C. and about —40° C.
is added to a solution containing an organic acid having
an ionization constant value greater than 4X10-5, the
co-reactant being present in a molar concentration which
is at least twice the number of moles of quinodimethane
which is to be added. The products of the reaction begin
to form immediately and the reaction is allowed to run
to completion during which time the mixture may be al-
lowed to warm to room temperature or may be controlled
isothermally at between about —120° C. and about —40°
C., as desired. Upon completion of the reaction, which
is generally accomplished within 24 hours, the excess
organic acid co-reactant, if sufficiently volatile, is con-
veniently removed by ‘bubbling an inert gas such as nitro-
gen, through the system, or in the case of less volatile
organic acid co-reactants, the reaction mixture is con-
centrated by removing the solvent and any unreacted ma-

has expired. Thus, the
between about 0.5 and
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terial by evaporation. The products are purified by con-
ventional techniques such as crystallization or fractional
distillation depending upon the physical nature of the
addition products.

The products produced in accordance with the present
invention are addition products of the quinodimethane and
the organic acid co-reactant and result from the addition
of the dissociable organic acid moieties to the doubly
bonded methylene groups attached to the quinoid ring
or rings of the quinodimethane compound, thereby caus-
ing rearrangement of the di-unsaturated quinoid ring to an
aromatically unsaturated ring.

The products of this invention
ing general formula

RICX3(CY;—Q—CY2)nHlIn (3)

wherein R is substantially the same as the organic radical
of the corresponding organic acid; X is a sulfur or an
oxygen atom; Y is a hydrogem or halogen atom or a
methyl group, however, it is to be understood that the
two Y units bonded to the carbon atom may be the same
or different substituents and that no more than one Y
unit of each CY, unit is a substituent other than hydro-
gen; Q is an aromatically unsaturated nucleus of the ben-
zene, naphthalene or heterocyclic nitrogen type which
contains not more than two substituents selected from
the group consisting of fluorine, chlorine and bromine
atoms and methyl and halomethyl groups; n is an integer
from 1 to 100 and m is an integer from 1 to 2.

The preferred addition products of this invention con-
tain no more than 2 xylylene or polyxylylene radicals, each
of which are bonded to a carboxylate radical through the
carbon atom of one of the methylene groups of each
xylylene or polyxylylene radical and each having terminal
hydrogen atoms. The xylylene radical of the addition
product contains such substitution as is present in the
quinodimethane starting material so that if 1,4-quinodi-
methane were reacted with an organic acid the xylylene
radical of the resulting addition product would be a 1,4-
xylylene radical

correspond to the follow-

H H
b ¢

—HzC—C@C—CHz—

i EI @

whereas if 2-chloro-1,4-quinodimethane were reacted with
an organic acid the xylylene radical of the resulting ad-

dition product would be a 2-chloro-1,4-xylylene radical
H Cl
—H,C~—0 O—CHr—
¢ ©

b ®

if 1,4-naphthaquinodimethane were reacted with an or-
ganic acid the xylylene radical of the resulting addition
product would be a 1,4-naphthaxylylene radical

1]
C
—H3C—C 7 %C——-CH:—

Q=0
H—C/\ Pl
| |
H H (6)

and if a heterocyclic quinodimethane containing a hetero-
nitrogen atom vicinal to two carbon atoms were reacted
with an organic acid the xylylene radical of the resulting

addition product would also contain the heteronitrogen
atom in the same position as in the quinodimethane start-

75 ing material. In other words, the quinoid ring of the
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quinodimethane in the course of addition becomes rear-
ranged to an aromatic ring containing the same constitu-
ents as the original ring.

The carboxylate radical of the addition product con-
tains not more than two substituted sulfur atoms as in the
carboxylate dioxy radical (RCCO—), the thiocarboxylate
radical (RCOS—) and the carbodithioate radical
(RCSS—) and contains substantially the same substitu-
ents as are present in the organic acid from which it is de-
rived.

The preferred
to the formula

RICX3(—CHy—Q—CH,) HI,, (7)

wherein R, X and m are the same as described above; n
is an integer from 1 to 25 and Q is an aromatically un-
saturated nucleus to which the methylene groups in the
above Formula ( #7 ) are attached in the 1 and 4 posi-
tion.

The following equations are offered as a better under-
standing of this invention and are not to be construed as
unnecessarily limiting thereto as they illustrate the addi-
tion reactions of 1,4-quinodimethane with organic car-
boxylic dioxy acids and the reactions represented by the
equations can be carried out in the specific manner de-
scribed in the examples which follow.

H:0=C>=om + ROOOH ——
RC00 OHT—@CH:;

ester

RCOO[HzC@—CHz] H
n

telomer ester

products of this invention correspond

and
®)

H;O= >=GH2 + HOOCRCOOH ——

HOOCRCOOGHz—@—CHs

half ester of a diacid

HOOCRCO o[mo@—om] H

telomer half ester of a diacid

H3C=( >=CH; +
HO oorccooom—@—cm —
H, o@-—omoooRc 00 cm—@—@ﬂ;

diester (10)
HzC=( o >=CH; +
HOO ORooo[Hm@—om] H —
n
H[H20—©~CH2] 00CRC00 cm—@—oﬂ,
n

telomer diester

and
H[HzO@—CHz] oocmoo[mc@-om] H
n m

ditelomer diester @n

Thus, the general reaction of the present invention may
be represented as follows wherein 1,4-quinodimethanes
are used as a typical example of the various quinodi-
methanes which may be employed as starting materials;

and
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A is one moiety of the dissoci'able organic acid; and »
is an integer from 1 to 100 or higher,

HZC=< )=CH3 + AH ——o
A[HzC@—CHa] HE 192

Particularly preferred of the addition products pro-
duced in accordance with this invention are the carboxylic
dioxy esters, diesters and half esters of substituted or non-
substituted 1,4-quinodimethane compounds which com-
prise no more than 2 xylylene radicals bonded to a car-
boxylate radical through the carbon atom of one of the
methylene groups of the xylylene radical and having ter-
minal hydrogen atoms.

The particularly preferred products correspond to the
formula

. R[COO——CHz—Q—CH3]m (13)

wherein R, Q and m are the same as shown above,

The following examples are offered as a better under-
standing of the present invention and are not to be con-
strued as unnecessarily limiting thereto.

Example 1

This example illustrates the preparation of 1,4-quino-
dimethane,

1.4-xylene vapor at 5 mm. mercury pressure and. pre-
heated to 700° C. was passed through a glass pyrolysis
tube of 2.5 cm. diameter and 30 cm. in length at such
a velocity that the average contact time was 0.05 second
and heated to a pyrolysis temperature of 1000° C. The
pyrolyzed vapors were passed directly to the top of a
six-liter, 3-necked glass flask which contained 3.8 liters
of a chloroform-carbon tetrachioride mixture (1:1 by
volume) and were then cooled in a bath of solid carbon
dioxide-acetone to a temperature of —80° C. The chlo-
roform-carbon tetrachloride mixture was continuously
agitated to prevent localized heating. The liquid re-
mained transparent for about two hours until the satura-
tion limit was reached and then became opaque as a solid
1,4-xylene and solid 1,4-quinodimethane precipitated out.
The flask was disconnected from the train at the end of
the run and the solid precipitate containing 1,4-xylene was
removed by filtration,

To prove that the mother liquor contained 1,4-quinodi-
methane, a portion of it was added at —80° C, to a
solution of chloroform-carbon tetrachloride containing
an excess of iodine. The mixture was allowed to warm
to room temperature with occasional shaking but did not
change in appearance. The excess iodine was neutralized
with aqueous sodium thiosulfate and the organic liquid
was washed with water to remove all traces of inorganic
solids. The chloroform and carbon tetrachloride was
removed under vacuum and the dry residue was Tecrys-
tallized from methanol to give a light brown crystalline
compound having a melting point of 176°-177° C. and
70.9 percent iodine. This corresponds to the reported
melting point for 1,4-di—iodomethy1vbenzene, namely 177°-
178° C.

The remainder of the mother liquor containing 1,4-
quinodimethane was stored at a temperature of —80° C.
vntil it was desired to react it with an organic acid to
form the aromatically unsaturated esters of the present
invention. .

1,4-quinodimethane is similarly prepared in acetone,
hexane, toluene and any of the other liquids suitable for
quenching of the pyrolyzed vapor and other quinodi-
methanes previously discussed such ‘as, for example, 2-
chloro-1,4-quinodimethaue, 2-methy1—1,4-quinodimethane,
2,3-dichloro - 1,4 - quinodimethane, 1,4-naphthaquinodi-
methane, 5-chloro-1,2—quinodimethane, etc., may be sim-
ilarly prepared without departing from the scope of this
invention by pyrolyzing the corresponding xylene deriva-
tive under the conditions set forth above,
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Example 2

Into a glass reaction flask containing 0.31 mole of tri-
fluorcacetic acid in 250 ccs. of dichloromethane was
gradually added, with agitation, 1.5 liters of hexane con-
taining 0.13 mole of 1,4-quinodimethane at —80° C. and
the contents of the flask was allowed to warm to room
temperature over a period of 8 hours. The product
formed was an easily saponifiable ester (B.P. 32 mm.
109-110° C.; density at 23° C. was 1.1837; N 22° was
1.4454; and M.P. was about 5° C.). The product, an
amber colored oil, was separated by vacuum distillation
and was obtained in 40 percent yield. Infrared analysis
indicated the presence of C=0 and phenyl groups. Mass
spectrometric analysis indicated a mass peak that could
be attributed of

Il
C¥FsC0CsHy

The analytical values found for the ester are given
below.

Percent | Percent | Percent | Molec-
C H F ular
Weight
Cale. for C1efs02F s ccacannn 55.09 4.16 26.12 218
L (22 B2 -

Hydrolysis of the esters in warm dilute aqueous base
led to the identification of p-tolylcarbinol as indicated
below.

)
b
CF;0—0CH CHs
1
OF;C—O0Na + HO om——@—om

M.P.=55-57° C. from hexane
Lit. MP.=59° C.

¢NCO
CH;— —(0Hy0H ———>
[o]
b
CH —(CH,;00—NH¢

M.P.=76-77.5° C.
Lit. M.P.=79° C.
The ester obtained above it a valuable alkylating agent.

NaOH
e

aqueous

Example 3

Into a glass reaction flask containing 0.5 mole of thio-
benzoic acid in 300 cc. hexane, 1.5 liters of hexane con-
taining 0.1 mole of 1,4-quinodimethane is gradually
added with stirring at —50° C. for a period of 10 hours
after which the crude ester is filtered from solution,
washed and dried. The xylyl ester

Gl C os—on@—cm

is obtained in about 50 percent yield and is useful as an
alkylating agent.
Example 4

To a glass reaction flask containing 1.0 mole of di-
thioacetic acid in 500 cc. of chlorobenzene is gradually
added with stirring 0.1 mole of 2-chloro-1,4-quinodi-
methane in 1.5 liters of chlorobenzene. The reaction
is allowed to run at —40° C. for a period of 8 hours after
which the crude ester is separated from the reaction mix-
ture. The resulting xylyl ester
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omcss—mc—-@cm

is obtained in about 40 percent yield and is useful as an
insecticide or pesticide for destroying muscidae and culex
larvae and the like. Itis also valuable as a disinfectant.

Example 5

To a glass reaction flask containing 0.8 mole of o-nitro-
benzoic acid in 300 ccs. carbon disulfide is gradually
added with stirring 0.1 mole of 2-methyl-1,4-quinodi-
methane in 1.5 liters of carbon disulfide. The reaction
is allowed to run at —90° C. for 10 hours after which
the crude ester is filtered from the reaction mixture,
washed and dried. The resulting xylylene ester

CHs

CHy(NO2)CO o—on,—@—cm

is obtained in about 50 percent yield. This ester may be
condensed with polyhydric compounds to give valuable
resins; the ester can be reduced to the amine which serves
as an antioxidant oil additive.

Example 6

To a glass reaction flask containing 0.8 mole of 3,5,
7,8-tetrachloroundecaﬂuorooctanoic acid ! in 300 cc. chlo-
robenzene is added with stirting 0.1 mole of 1,4-quinodi-
methane in 1.5 liters of chlorobenzene. The reaction is
run at —70° C. for 10 hours after which the crude in-
soluble ester is filtered from solution, washed and dried.
The resulting xylyl ester

CL(OF:CF cx);cmcoo—cm—@«cm

is obtained in about 50 percent yield.
Example 7

To a glass reaction flask containing 1.0 mole of 2,4,6-
trichlorononafluorosuberic acid 1 in 500 cc. of hexane is
added gradually with stirring, 0.1 mole of 1,4-quinodi-
methane in 1.5 liters of hexane. The reaction is run

at —50° C. for six hours after which the product is
fltered from solution, washed and dried. The resulting
half ester

HOOC(CF;0FOD:C0 o—om—@—cm

is obtained in 50 percent yield and is useful as an emulsi-
fier and as a detergent. This ester is also useful as an
alkylating agent.

Example 8

The ester product (0.3 mole) of the above Example
#7 is reacted with 0.1 mole of 1,4-quinodimethane in 2
liters of hexane at —50° C. for 6 hours. The resulting
diester

CHg@-GHaO 0C(CF;CFC1:CO O—OH@—CH!

is separated from solution in 50 percent yield and serves
as an inert solvent in many reactions.

Example 9

To a glass reaction flask containing 0.13 mole of 1,4-
quinodimethane in 1.5 liters of hexane, is added with
much stirring 0.35 mole of triftuoroacetic acid in 250 ¢cc.

[ —

18ee Examples 2 and 3 of the copending application of
william S. Barphart and Robert H. ‘Wade, Serial No.
452,705, filed August 27, 1954, now U.8. Patent No. 2,806,866,
wherein the above acids are prepared by treatment with
fuming sulfuric acid of a sulfuryl chloride telomer of
chlorotrifluoroethylene having the formula Cl(CF:CFCl)sCl
wherein # is an integer from 3 to 16. The telomer, or any
fraction thereof, is freated with fuming sulfurie acid con-
taining from 0 to 20 percent excess sulfur trioxide at a tem-
perature between about 140° C. and about 210° C. for a
period of time rapging from 5 to 925 hours to produce per-
chlorofluorinated carboxylic acids.
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of hexane. The reaction is run for 8 hours at —60° C.
during which time the contents of the flask is allowed
to warm to room temperature. The telomer product

formed
CF:C0 o[ cm—@—om]ﬂ
3y

wherein # is an integer between 2 and 10 is separated
from solution, -washed, dried and is obtained in about
40 percent yield. The lower molecular weight esters
wherein # is no greater than 3 serve as inert solvents
whereas the higher molecular weight esters as chemically
resistant coating materials which may be dispersed or dis-
solved in various volatile solvents such as for example
acetone, toluene, etc.

Any of the other previously described organic acids
may be reacted with a quinodimethane in a manner sim-
ilar to that set forth above and may be substituted in
any of the examples without departing from the scope
of this invention.

The organic esters of this invention find application
as lubricating oil additives, as alkylating agents in chemi-
cal reactions, and are also useful as solvents to provide
an inert reaction medium,

The esters of this invention, particularly the polyhalo-
genated esters, are selectively soluble in certajn volatile
solvents, such as, for example, methyl ethyl ketone, chlo-
roform, carbon tetrachloride, acetone, toluene, etc. This
property enables the ester to be sprayed in a liquid carrier
such as methyl ethyl ketone onio a substrate to provide
a protective coating or film, Certain esters, such as for
example, the thicesters, the dithioesters and esters con-
taining a cyanide group are valuable as pesticides, and
insecticides for destroying muscidae and culex larvae and
the like. The thioesters and dithioesters can also be used
as disinfectants and as plant sprays, for example, as a
Tose spray to prevent “black spot,” etc.

The hydrocarbon esters can be condensed with poly-
hydric compounds to give valuable chemically resistant
resins showing good electrical properties and resistant to
abrasion. Half-esters of i3 present invention find special
application as emulsifiers in polymerization reactions and
as detergents owing to the presence of the carboxylic
group which terminates the molecule, This is partic-
ularly true of the telomer half-ester,

This invention relates to a process for the prepara-
tion of organic aromatically unsaturated esters which in-
volves the addition reaction of 2 chilled solution of 1,4-
quinodimethane and an organic acid at temperatures pref-
erably below about —40° C. and to the products there-
by obtained. The method for effecting the addition reac-
tion may be any of the various procedures hereinde-
scribed, and various modifications and alternatives of
these procedures may become apparent to those skilled
in the art without departing from the scope of this in-
vention.

Having thus described our invention we claim:

1. The process which comprises reacting an organic
acid selected from the group consisting of a carboxylic
acid, a thiocarboxylic acid and a carbodithioic acid with
a para quinodimethane in the liquid phase at a tem-
perature below 30° C,

2. The process of clajm 1
is trifluoroacetic acid.

3. A process which comprises contacting in the liquid
phase an organic acid selected from the group consist-
ing of a carboxylic acid, a thiocarboxylic acid and a
carbodithioic acid with g para quinodimethane in at
least an equimolar amount at a temperature between

wherein the organic acid
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about —120° C. and about 30° C. for a period not ex-
ceeding 96 hours to produce an ester containing aromatic
unsaturation derived from said quinodimethane,

4. A process which comprises contacting in the liquid
phase a carboxylic organic acid of K>4x10-5 with a
para quinodimethane in a mole ratio of between about
2:1 and about 8:1, acid to quinodimethane, at a tem-
berature between about —80° C, and about —40° C,
for a period between about 0.5 and about 24 hours to
produce an ester containing aromatic unsaturation derived
from said quinodimethane,

5. The process which comprises reacting a carboxylic
organic acid of K>4x10~5 with a para quinodimethane
in a mole ratio of between about 2:1 and about 8:1,
acid to quinodimethane, in a mutual solvent, at a tem-
perature between about —80° C. and about —40° C,
for a period between about 0.5 and about 24 hours
to produce an ester containing aromatic unsaturation
derived from said quinodimethane.

6. The process of claim 5 wherein the mutual solvent
is hexane.

7. The process of claim 5
is chlorobenzene.

8. The process of claim 5 wherein the mutual solvent
is carbon disulfide,

9. The process of claim 5
is methyl chloride.

10. The process of claim 5
is diethylbenzene.

11. The process which comprises reacting trifluoroace-
tic acid with 1,4-quinodimethane in a mole ratio of acid
to quinodimethane of between about 2:1 and about 8:1,
in a mixed solvent of dichloromethane and hexane, at
a temperature between about —80° C, and about —40°
C. for a period between about 0.5 and about 24 hours
to produce 1,4-xylyl triffaoroacetate.

12. The process which comprises reacting an organic
carboxylic acid with a 1,4-quinodimethane to produce
an ester. .

13. The process of claim 12 wherein the organic car-
boxylic acid in an a-nitrogen substituted carboxylic acid.

14. The process of claim 12 wherein the organic car-
boxylic acid is a dicarboxylic acid.

15. The process of claim 12 wherein the quinodi-
methane is 1,4-quinodimethane,

16. The process of claim 12 wherein the quinodi-
methane is 1,4-naphthaquinodimethane.

17. The process of claim 12 wherein the quinodi-
methane is 2-chloro-1,4-quinodimethane,

18. The process which comprises reacting a halo-
genated carboxylic acid with a 1,4-quinodimethane to
produce an ester.
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